Polypeptides synthesized in Vero cells infected with African swine fever virus (ASFV) can be divided into early and late classes on the basis of their sensitivity to cytosine arabinoside. As ASFV does not inhibit cell protein synthesis until late in infection, immunoprecipitation was used to identify virus-specific polypeptides. Eighteen early and 15 late polypeptides were detected by polyacrylamide gel electrophoresis. Early polypeptides can be further divided into those which are transiently expressed at early times and the majority which are synthesized throughout infection. In vitro translation products of RNAs from infected cells at different stages of infection were compared with in vivo products after immunoprecipitation. A good correspondence was observed between the in vivo and in vitro patterns. All early RNAs translated in vitro were synthesized in the presence of cytosine arabinoside and cycloheximide and can therefore be classified as immediate early RNAs. Only two polypeptides transcribed from early RNA were not present among late RNA products. No evidence was obtained for a discrete class of delayed early RNAs.
INTRODUCTION
African swine fever virus (ASFV) is an icosahedral cytoplasmic deoxyribovirus (Vig~trio et al., 1967) until recently included in the family Iridoviridae on the basis of morphological criteria (Matthews, 1982) . The ASFV genome is a double-stranded DNA molecule of approximately 100 × 106 mol. wt. (Enjuanes et al., 1976) with covalently closed ends (Ortin et al., 1979) and inverted terminal repetitions (Sogo et al., 1984) . A DNA-dependent RNA polymerase capable of transcribing endogenous viral DNA in vitro (Kuznar et al., 1980) is present in the virion as well as RNA-modifying enzymes (Salas et al., 1981) . These properties, which are similar to those of poxviruses, suggest (Wardley et al., 1983) that ASFV may use the same biochemical strategy as the poxviruses for the early phase of viral gene expression. For a recent review, see Vifiuela (1985) .
Studies in infected pig macrophages and monkey kidney cells have demonstrated two temporal classes of ASFV-induced polypeptides: early and late polypeptides synthesized prior to or after viral DNA synthesis (Tabar6s et al., 1980b) .
In this paper, we have studied viral polypeptide synthesis in vivo and in vitro to obtain additional information on the regulation of ASFV genome expression. Using immunoprecipitation with hyperimmune pig serum to identify virus-specific polypeptides, we were able to study early and late gene products and to obtain information concerning transcriptional and posttranscriptional levels of control.
METHODS
Virus andeells. ASFV, strain Lisbon 60, adapted to African green monkey kidney (Vero) cells was obtained from Dr J. D. Vigfirio, National Laboratory for Veterinary Research, Lisbon, Portugal. Vero cells were grown in roller bottles in Dulbecco's modified Eagle's medium (DMEM) supplemented with 8 ~ newborn calf serum. Stock virus was produced by infecting subconfluent Vero cell cultures at an m.o.i, of 0.1 p.f.u./cell. After adsorption for 2 h, medium with 2% calf serum was added and cells were incubated at 37 °C until full c.p.e, was achieved. When necessary, virus was concentrated from cell culture supernatants by centrifugation at 8500 r.p.m, for 6 h in a Sorvall GSA rotor and suspended in phosphate-buffered saline (PBS). Inhibitors were added 30 min prior to infection and maintained in the medium until cells were harvested. Cycloheximide (Sigma) was used at 250 gg/ml and cytosine arabinoside (Sigma) at 50 gg/ml. 0000-6969 © 1986 SGM Z. G. CARVALHO AND C. RODRIGUES-POUSADA Labelling oJeells and preparation of cell lysates. Cells were labelled for 1 h with 15 ~tCi/ml [3sS]methionine (1260 Ci/mmol) in DMEM containing one-tenth the normal methionine concentration. After washing with PBS, cells were lysed by the addition of 0.1 ml per 106 cells of lysis buffer [50 mM-Tris-HCl pH 7.5, 150 mM-NaCI, 1 mMphenylmethylsulphonyl fluoride (PMSF), 0.1 mM-2-mercaptoethanol, 1% Triton X-100, 0.5 9/00 sodium deoxycholate]. Insoluble material was removed by centrifugation at 15000 g for 5 rain. Aliquots were used for immunoprecipitation or polyacrylamide gel electrophoresis (PAGE).
RNA extraction. Control or infected cells were scraped into the medium, rapidly cooled by pouring over frozen PBS and collected by low-speed centrifugation. After washing twice with PBS, cytoplasmic extracts were prepared by lysing cells with 0.4 % N P40 in 10 mM-Tris-HCl pH 7.8, 1 mM-EDTA, 150 mM-N aCI. The nuclei were removed by centrifugation at 3000 g for 5 min and the nuclear pellet was washed once more with the same buffer. The combined supernatants were extracted three times with phenol : chloroform : isoamyl alcohol (24 : 24 : 1 ) containing 0.1% 8-hydroxyquinoline and twice with chloroform : isoamyl alcohol (24 : 1). The aqueous phase was adjusted to 0.3 M-sodium acetate pH 5.2 and RNA precipitated by the addition of 2 vol. 90% ethanol overnight at -20 °C. RNA was centrifuged at 10000 g for 1 h, re-precipitated, suspended in a small volume of sterile distilled HzO and kept frozen at -70 °C until used. All glassware and solutions were treated with 0-1% diethylpyrocarbonate (Maniatis et aL, 1982) .
Cell-Jree protein synthesis. A message-dependent rabbit reticulocyte lysate system (Amersham) was used as outlined by the manufacturers. In vitro translation reaction mixtures (10 ~tl) contained 1.5 ~tCi/~tl [35S]methionine (1260 Ci/mmol).
Immunoprecipitation. Hyperimmune serum obtained by immunizing pigs with increasing doses of virulent ASFV was a gift from Dr J. D. Vig~rio. Immunoprecipitation was carried out essentially as described by Baczko et al. (1984) . Briefly, cell extracts or in vitro translation reactions diluted to 100 vl with lysis buffer were incubated with 50 ~tl antiserum for 2 h at 4 °C with continuous shaking. Twenty ~1 of a 50% Protein A Sepharose suspension (Pharmacia) in radioimmunoprecipitation assay (RIPA) detergent buffer (10 mM-Tris-HCl pH 7.4, 150 mM-NaCI, 1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS, 1 mM-PMSF) was added and incubation was continued for 1 h at 4 °C. The Protein A-Sepharose was harvested by centrifugation, washed three times with 1 ml RIPA buffer and suspended in electrophoresis sample buffer. After heating for 2 min in a boiling water-bath the supernatant, recovered by centrifugation, was used for electrophoresis.
SDS-PAGE. Samples were mixed with 0.5 vol. of threefold concentrated sample buffer (50 mi-Tris-HC1 pH 6-8, 1% 2-mercaptoethanol, 10 % glycerol, 0.003 % bromophenol blue) and heated in a boiling water-bath for 2 min. They were analysed on 7-5 to 20% SDS-polyacrylamide gradient gels according to Laemmli (1970) as modified by Blatter et aL (1972) . After electrophoresis, gels were prepared for fluorography as described by Banner & Laskey (1974) and autoradiographed with Dupont Cronex 4 films.
RESULTS

Analysis of ASFV proteins synthesized in viva
Synthesis of ASFV proteins was studied by pulse-labelling cells infected at a m.o.i, of 10 to 20 with [35S]methionine for 1 h at different times post-infection. At this multiplicity, c.p.e, was complete at 10 h after infection and at later times cells started to detach into the medium. Cell protein synthesis was not significantly inhibited until late times, i.e. 8 to 10 h post-infection. Early virus-induced polypeptides were therefore difficult to identify. Several new or more intense bands could be seen starting at 4 h after infection and by 8 to 10 h new bands could be detected which were not present in cells treated with 50 ~g/ml cytosine arabinoside (results not shown).
To eliminate the cell protein background and identify virus-specific polypeptides, extracts from cells infected in the absence or presence of cytosinc arabinoside were immunoprecipitated with pig hyperimmune serum ( Fig. 1 a, b) . At least 18 early and 15 late polypeptides could be identified, although some bands were faint and not well reproduced on photographs of the fluorography films. Table 1 
lists the polypeptides detected by immunoprecipitation at different times after infection.
Some early polypeptides (e.g. 34K) appeared at 2 h post-infection and were not present at later times, others (e.g. 36K, 14K) were synthesized in constant or increasing amounts thoughout infection while others (e.g. 38K) appeared to peak at 4 to 6 h and decrease thereafter. In the presence of cytosine arabinoside (Fig. 1 b) the levels of some early polypeptides decreased at late times. This was especially evident for the 14K polypeptide (Fig. 1, lanes 6) .
On: Fri, 01 Mar 2019 19:08:58 Late polypeptides started to appear between 6 h and 8 h after infection and increased up to 10 h (Fig. 1, lanes 4 , 5 and 6). Their synthesis was inhibited by cytosine arabinoside (Fig. 1 b) . The majority appeared in the higher mol. wt. range (190K to 40K) and the major late band was the 73K polypeptide which corresponds to the major virus structural protein (Tabar6s et al., 1980a) .
With the exception of a 48K band, the hyperimmune serum did not precipitate other proteins from uninfected control cells in detectable amounts. This band could correspond to cellular actin precipitated by the hyperimmune serum (Tabar6s et al., 1980b) . In vitro translation of early and late classes of RNA from ASFV-infected cells To study the regulation of ASFV gene expression further, in vitro translation products of infected cell RNAs were analysed.
Preliminary experiments (results not shown) had indicated that in ASFV-infected cells, after a transient initial peak of RNA synthesis, maximal RNA synthesis occurred between 8 h and 10 h and declined thereafter.
Total cytoplasmic RNA extracted from ASFV-infected cells at 10 h post-infection or at 6 h post-infection in the presence of cytosine arabinoside or cycloheximide was translated in vitro in a rabbit reticulocyte cell-free system. Uninfected cell RNAs were used as controls. Optimal concentrations for the different RNAs were determined. For a 10 ~tl reaction mixture 10 ~tg of uninfected cell RNA or infected cell late RNA, and 5 ~tg of RNA from infected cells treated with inhibitors were used. At higher concentrations there was a decrease in [3SS]methionine incorporation probably due to the presence of ribosomal RNA. RNAs from infected cells treated with inhibitors were much more efficient in stimulating [35S]methionine incorporation from RNAs from uninfected cells or infected cells late in infection.
In vitro translation products were analysed by SDS-PAGE. Using total cytoplasmic RNA from ASFV-infected cells at 10 h post-infection (Fig. 2, lane 2) several new or more intense bands could be identified compared to products from uninfected cell RNA (Fig. 2, lane 1 good correspondence with polypeptides synthesized in vivo (Fig. 2, lane 8) , at least for those of tool. wt. below 150K. Essentially the same results were obtained using oligo(dT)-purified poly(A) ÷ R N A (results not shown). Immunoprecipitation of the in vitro translation products (Fig. 3, lane 2) allowed the identification of 19 virus-specific polypeptides.
In vitro translation of R N A s from infected cells treated with cytosine arabinoside (CAR RNA) or cycloheximide (CYCLO RNA) (Fig. 2, lanes 4 and 6) showed large amounts of early proteins (arrows) also translated from R N A extracted late in infection (Fig. 2, lane 2) . After immunoprecipitation of the in vitro translation products (Fig. 3 ) a further class of virus-specific R N A could be identified: an R N A coding for a 17K polypeptide and possibly a second one in the 24K to 26K region (Fig. 3, lanes 4 and 6, thick arrows) synthesized in relatively large amounts from C A R and CYCLO R N A but not present among late RNAs. In the 24K to 26K region there were two intense bands from C A R and CYCLO R N A whereas in late R N A products (lane 2) there appeared to be only one band of intermediate molecular weight. Some minor bands of 83K and 46K mol. wt. (thin arrows) appeared to be translated only from CYCLO RNA. This could indicate a further class of early RNA but the results must be confirmed using several different RNA preparations.
In vitro products synthesized from uninfected cell RNAs (Fig. 3, lanes 1, 3 and 5) were not precipitated by hyperimmune serum, again with the exception of a 48K polypeptide which appeared as a very faint band in lanes 1 and 3.
D I S C U S S I O N
In the present work we have compared the ASFV-specific proteins synthesized in vivo and detected by pulse-labelling Vero cells at different times after infection with the in vitro translation products from RNAs extracted late in infection or in the presence of inhibitors of DNA or protein synthesis. ASFV does not inhibit cellular protein synthesis significantly until late in infection. It is therefore difficult to identify virus-specific proteins among the high background of cellular proteins, especially early in infection. To overcome this difficulty we have used immunoprecipitation of infected cell extracts and in vitro translation products with hyperimmune pig serum.
In Vero cells infected in the absence or presence of cytosine arabinoside (Fig. I a, b ) two classes of ASFV-specific polypeptides could be identified: early or pre-replicative and late or post-replicative polypeptides. This is in agreement with the results of Tabar6s et al. (1980b) . Using immunoprecipitation of infected cell extracts an important number of new virus-specific polypeptides were observed at early times post-infection ( Fig. 2a, b ). Letchworth & Whyard (1984) , by immunoprecipitation of infected cell proteins with hyperimmune pig serum, demonstrated the specificity of the reaction and identified 37 ASFV-induced polypeptides. In our case we have identified 33 polypeptides. Although hyperimmune serum may not recognize all of the virus-induced polypeptides and variations may exist between different sera, immunoprecipitation provides an overall view of the time course and relative concentrations of specific virus-induced polypeptides.
Among the early proteins synthesized in vivo, different temporal controls appear to function. Some polypeptides are expressed only transiently at very early times (e.g. the 34K polypeptide, Fig. 1, lane 2) . The majority, however, are synthesized throughout infection. A 38K polypeptide appeared to peak at 6 h and decreased at later times but this decrease was not seen in the presence of cytosine arabinoside. A 14K polypeptide was synthesized in increasing amounts throughout infection, becoming a major band at 10 h. This increase was inhibited by cytosine arabinoside, suggesting the existence of early and late polypeptides with the same mol. wt. not resolved by one-dimensional SDS-PAGE. Alternatively this increase could be the result of synthesis of early polypeptides encoded by new progeny DNA molecules.
In vitro translation of RNAs present in infected cells at different stages of infection provides further information on the regulation of ASFV gene expression. Using immunoprecipitation to eliminate the cell protein background one can observe a close correspondence between in vivo and in vitro patterns for polypeptides below 150K ( Fig. 1 and 3) . Major polypeptides present in vivo are also translated in vitro.
Early viral RNAs synthesized prior to DNA replication are generally subdivided into immediate and delayed early classes. Immediate early RNA is transcribed in the absence of protein synthesis whereas delayed early RNA is transcribed only after viral polypeptide synthesis has occurred. All the RNAs synthesized in the presence of cytosine arabinoside, CAR RNA (Fig. 3, lane 4) , were also synthesized in the presence of cycloheximide, CYCLO RNA (Fig. 3, lane 6) , and should therefore be classified as immediate early RNAs. Most of these RNAs were also present late in infection (Fig. 3, lane 2) . Exceptions are the 17K polypeptide which was translated from CAR and CYCLO RNA but not from late RNA (Fig. 3, thick  arrows) and possibly also a polypeptide in the 24K to 26K region. These differences are not so apparent in vivo probably due to the presence of minor polypeptides with similar molecular weights not detected in vitro or as a result of post-transcriptional modifications occurring only in vivo. The 14K polypeptide, which became a major band at 10 h after infection in vivo, appeared as a band of intermediate intensity when translated from late RNA and as a strong band from CAR and CYCLO RNA. The 14K polypeptide is thus under-represented among late RNA in vitro products. Although the existence of early and late polypeptides with the same molecular weight cannot be excluded, the in vitro results would suggest that the rabbit reticulocyte lysate lacks a factor (or factors) present in cells late in infection which favours the expression of the 14K RNA. In the case of poxviruses, Brown & Moyer (1983) studying an early host-range mutant of rabbit poxvirus have suggested that there is a re-programming of the infected cell for late protein synthesis, possibly through a modification of the translational machinery discriminating against host and early viral mRNAs. A control mechanism of this type could be involved in ASFV late gene expression.
In vitro translation of RNAs extracted from ASFV-infected cells coupled to immunoprecipitation provides a useful system for the analysis of ASFV gene expression. ASFV gene expression is temporally regulated at different levels. The major early RNAs belong to the immediate early class and continue to be present and translated throughout infection. A few early RNAs appear to be transcribed only transiently and do not persist in the cells late in infection. After the beginning of viral DNA synthesis late RNAs appear and are translated in the presence of large quantities of early RNAs which are also being actively translated. The mechanisms responsible for the transition from early to late patterns of gene expression are not known. Analysis of polysome-associated RNAs and of the ability of infected cell extracts to translate different RNA classes could give further information on possible control mechanisms. Work along these lines is now in progress.
